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PURPOSE: To enhance output performance and lengthen operation life by containing a noble metal in the zero oxidation 
state in a catalyst material which is derived from a noble metal containing-large cyclic compound precursor and carried in 
high surface area carbon. 

CONSTITUTION: A new catalyst material carried in high surface area carbon is derived from a noble metal containing- 
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in the zero oxidation state. The noble metal is platinum and iridium, and the large cyclic compound is phthalocyanine and 
tetraazaannelene. 
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* NOTICES * 



JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 



1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] That in which it is the catalyst ingredient which was guided from the noble-metals content macrocyclic-compound 
precursor, and was supported by high surface area carbon, and said catalyst ingredient contains noble metals by the oxidation state of 
zero. 

[Claim 2] The catalyst ingredient of claim 1 said whose catalyst ingredient is the product of the activation process about said 
precursor. 

[Claim 3] Claim 1 or 2 catalyst ingredients with which said noble metals are chosen from the group of platinum, palladium, a 
ruthenium, an osmium, a rhodium, iridium, silver, and gold. 

[Claim 4] The catalyst ingredient of claim 3 said whose noble metals are platinum or iridium. 

[Claim 5] Claims 1, 2, and 3 or 4 catalyst ingredients whose large ring of said macrocyclic compound is an N4-chelate compound. 

[Claim 6] The catalyst ingredient of claim 5 said whose large ring is a phthalocyanine or tetraaza annulene. 

[Claim 7] One catalyst ingredient of claims 1-6 said whose high surface area carbon is conductive graph itization carbon. 

[Claim 8] The catalyst ingredient of claim 7 with which said carbon has the BET surface area of 0-2000m2 g-1. 

[Claim 9] The catalyst ingredient of claim 8 with which said carbon has the BET surface area of 30-400m2 g-1. 

[Claim 10] One catalyst ingredient of claims 1-9 whose loads (loading) of said noble metals are said 0.05 - 20wt% of carbon support. 

[Claim 1 1] The catalyst ingredient of claim 10 whose load of said noble metals is said 0.1 - 10wt% of carbon support. 

[Claim 12] The fuel cell which has at least one electrode covered with one catalyst ingredient of claims 1-11. 

[Claim 13] The electrode covered with one catalyst ingredient of claims 1-11. 

[Claim 14] How to prepare the noble-metals content macrocyclic-compound precursor which dissolve a noble-metals macrocyclic 
compound in water or an organic solvent, make a solution, add conductive carbon to this solution, and said large annular ingredient is 
made to stick to said carbon support, and includes separating the large annular ingredient supported by this carbon and which was 
supported by carbon into one catalyst ingredient of claims 1-11. 

[Claim 15] The approach of claim 14 which stirs said solution for 1 to 16 hours after adding said carbon. 

[Claim 16] it be the approach of be the approach of activate the noble metals content macrocyclic compound precursor supported by 
carbon , and use as one catalyst ingredient of claims 1-11, and said activation change the oxidization condition of said metal , and 
include that said approach ******** and carry out the sweep of the electrical potential difference by which the load be carried out to 
the electrode equipped with the macrocyclic compound precursor supported by said carbon immerse into the acid electrode . 
[Claim 17] The approach of claim 16 that said electrical potential differences by which the load was carried out are 0.05-2.0V. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the improved catalyst ingredient. It is related with a 

more detailed catalyst ingredient with this invention especially important for a fuel cell. 

[0002] 

[Description of the Prior Art] In a fuel cell, hydrogen, a hydrocarbon, or an oxygen content fuel, for 
example, fuels, such as a methanol, oxidizes with a fuel electrode (anode), and oxygen is returned 
with a cathode. It may be alkalinity or acidity, and liquefied or the electrolyte in which is a solid 
state and it deals contacts an electrode, and this electrode may be covered with the electrolysis 
catalyst. Much proposals are made about such an electrode catalyst for fuel cells. 
[0003] Generally with the electrolyte of concentrated phosphoric acid, a phosphoric-acid fuel cell 
(PAFC) operates at the temperature of 180 degrees C - 220 degrees C. Any ingredients used for a 
cathode or an anode must be stable at the temperature to which a fuel cell operates, and considerable 
activity must be held under existence of a phosphoric acid. 

[0004] A proton exchange film fuel cell (PEMFC) is an acid electrolyte fuel cell of other molds, and 
an electrolyte is a solid-state proton conductivity polymer in this case. Generally PEMFC is operated 
at about 80-100 degrees C. 

[0005] PAFC is the fuel cell of the mold nearest to commercialization, and has many open 
experimental devices. There are many open experimental devices especially in big Japan which 
reduces import of a hydrocarbon fuel and reduces stain resistance trash from a generation of 
electrical energy and where economical and the pressure from a viewpoint of environmental 
protection exist. PAFC is planning to find out an application in the multi-purpose generation-of- 
electrical-energy commercial scene which is several MW as 50 thru/or the heat of the range of 
several 100 kw(s) and the combination of power, i.e., ************** PEMFC can offer a power- 
flux-density output higher than PAFC, and can be efficiently operated at lower temperature. So, the 
open experimental device of this type of fuel cell is being built for evaluation for various 
applications. In the U.S. by which use of the combustion engine of the future for the continuous 
interest about the stain resistance trash from automobiles may be restricted, it is interested in 
especially this mold. 

[0006] However, many men think that these fuel cells are unlikely to exceed the open experimental 
stage. It is because the power output is too low to a necessary cost of capital. In both PAFC and 
PEMFC, a power output is restricted because the activity and endurance of a cathode catalyst are low 
to a part. If cathode catalytic activity and stability increase, lasting higher power flux density can be 
obtained also at the same effectiveness. Therefore, the cost of capital per unit power decreases in 
proportion to improvement in the engine performance. Since the rate of occupying to the cost of one 
set of fuel cells of the cost of a cathode catalyst is small, if this one-set power flux density is 
increased and it will carry out from the rate of the whole to the cost of catalyst itself, the cost of 
capital per unit power will decrease. Therefore, what the cathode catalyst with which the engine 
performance has been improved probably has extraordinary value for in reducing all the costs of 
capital per unit power is accepted widely. 

[0007] It is very important that in addition to the need for the improved catalytic activity an electrode 
including these catalysts maintains this high activity through the service life of a fuel cell, and does 
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not cause decline of the engine performance ideally. 

[0008] It came to be admitted in the field of the fuel cell catalyst for the "standard" catalyst structure 
with an acid electrode, for example, PAFC, and PEMFC for the electrodes for fuel cells to consist of 
platinum itself as what was supported by the large front face of high surface area platinum black, i.e., 
metal powder, or a conductive carbon base ingredient, or its alloy. The activity catalyst is supported 
by high surface area conductivity carbon, and is made by the technique including complicated 
platinum solution chemistry. A majority of the technique serves as the patent approach. 
[0009] For example, H.Petrow And by the approach (United States patent No.3,992,512) to indicate 
R.Allen, a very small colloid platinum particle adsorbs on carbon support from a solution. Very 
small detailed ** of 15-30A platinum is formed in carbon, and these offer a catalyst with very high 
activity. The alloy catalyst with Pt of the metal of the 3-8th common groups of a periodic table 
makes a basic metal adsorb most ordinarily on the platinum beforehand formed on the carbon 
catalyst, and is formed by forming an alloy at the temperature exceeding 700 degrees C 
subsequently. It is the activity catalyst developed although these ingredients have activity higher than 
a pure platinum catalyst and use it for an acid electrode fuel cell like PAFC. Such an alloy ingredient 
is indicated by United States patent No.4,447,506. 

[0010] It is appropriate to define the vocabulary which "activity" Becomes here. When a catalyst is 
included in an electrode, activity is the given electrical potential difference (namely, effectiveness), 
and is defined as what * *(ed) the maximum current acquired from a catalyst by the weight of the 
catalyst in an electrode. Therefore, it is known also as "mass activity (mass activity)." Therefore, 
when comparing a different catalyst, the increment in activity is related with the increment in current 
density about the same activity catalyst metal content. 

[001 1] When 180 degrees C estimates as an oxygen reduction cathode in 100% phosphoric acid by 
making pure oxygen into reagin in the advanced technology, the activity platinum catalyst supported 
by the carbon catalyst As opposed to SHE (normal hydrogen electrode) By 900mV, the activity of 
30-40mAmg-lPt It has (for example). [ P.Ross, ] [ Precious ] Metals 1986 and International Precious 
Metals Institute, Allentown, PA, 1986, p355 -363, F.Luczak, D.landsman, USP 4,447,506 reference. 
About the alloy, it is reported that activity Pt alloy catalyst is 50-60mAmg-lPt (reported also to the 
above-mentioned reference). 

[0012] A cell is operated with a fixed current density output during actual operation of a fuel cell. 
Therefore, in order to maintain high effectiveness and a high power output, it is high as much as 
possible, and it is desirable to maintain the stable cell voltage. Generally, the electrical-potential- 
difference engine performance of the cathode of PAFC including this platinum catalyst is decreased, 
and goes at the rate of l-10mV per operation 1000 time amount. 

[0013] The reason of this attenuation depends a part on sintering. In this case, an activity catalyst 
particle is fused by surface migration, or the dissolution/reprecipitation, and reduces an effective- 
surface product, therefore reduces activity. It can be said that platinum dissolves into an electrolyte 
and it is everlastingly lost from a cathode. According to a certain report (J.Aragane, 
J.Electrochemical Society, vol.135, 844, 1988), when PAFC is operated for 4,500 hours, 60% of the 
platinum content of a cathode is lost by the dissolution. Loss of this platinum-electrode catalytic 
activity is most serious technical problem that meets in a fuel cell. 

[0014] If the temperature, the pressure, and potential of PAFC are raised, the deactivation process of 
a catalyst will be promoted. 

[0015] Therefore, development of an activity catalyst with good stability is very desirable. Many 
attempts have been made. 

[0016] The metal content large cyclic compound has been studied over many years as a fuel cell 
catalyst. These researches are concentrated on use of the large cyclic compound of a basic metal 
almost chiefly. A large cyclic compound is defined as the ring compound which has 9 or the atom 
beyond it (the case where all are different atoms is included) and 3, or a joint (ligating) atom beyond 
it (Coordination Chemistry of Macrocyclic Compounds, G.A.Melson, Plenum Press, New York & 
London, 1979). An N4-chelate compound like phthalocyanines, Pori Phi Lynne, and tetraaza 
annulene is in a metal large cyclic compound. 

[0017] Although there were some ingredients which have found out the application as a cathode for 
fuel cells in an alkaline electrolyte like a potassium hydroxide, activity and those engine 
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performance especially about stability of using for the acid electrolyte fuel cell used more widely 
were unsuitable. There is no example in which this kind of ingredient actually has an actual 
application in the acid electrolyte fuel cell under the operating-temperature conditions usually used 
and electrolytic concentration. 

[001 8] GB2, 164,785 A is indicating using a **** metal phthalocyanine compound as a catalyst 
ingredient. While using 6M alkalinity potassium hydroxide as an electrolyte, it is said that a platinum 
phthalocyanine is used as a cathode. Van Veen et al (Electrochimica Acta, vol.24, p921 -928, and 
1979) uses many macrocyclic compounds of Pt, Pd, Ru, Fe, CO, Mn, and Zn as an electrolyte, and is 
H2 S04. Or the activity at the time of using as KOH is discussed. Furthermore, Van Veen et al (Ber 
Bunsenges Phys.Chem., vol.85, p.693-700, 1981; and J.Chem.Soc, Farady Trans.l, vol.77, p.2827- 
2843, 1981) shows the activity measurement result of a majority of other macrocyclic compounds. 
[0019] Iridium (III) MESO tetrapod (p-isopropyl phenyl) porphyrin chloride is in one in those 
examples. This is 850mV after heat treatment, and is 4MH2 S04 about an electrolyte. It carries out 
and 23 degrees C shows oxygen reduction activity 2.2mAmg-l (catalyst). NL8003387 is indicating 
the iridium (III) MESOTETORA (p-isopropyl phenyl) porphyrin chloride electrolysis catalyst 
ingredient supported by carbon. After this thing is 2.0mAmg-l (catalyst) in 850mV and oxygen 
reduction activity operates it by l.OmAcm-2 for 16 hours, it is said that lOmV catalyst loss took 
place. 

[0020] Yeager et al (DOE Report October 1984 LBL- 18542) indicated mu-OKISOJI (iron (III) 
MESO tetrapod (p-methoxypheny) porphyrin) catalyst ingredient supported by high surface area 
activated carbon as an object for cathodes which uses a phosphoric acid as an electrolyte, the place 
which evaluated oxygen by 100 degrees C as a reductant among 85% phosphoric acid — the activity 
in 900m V — a maximum of 5.0 — it amounts to mAmg-1 (iron). 

[0021] It is reported that 60m V engine-performance decline produced the cathode including this 
catalyst when it operated at only 100 degrees C current density 100mAcm-2 for 7.5 hours. Although 
this engine performance was reported about the large annular ingredient in an acid electrolyte and it 
belongs to the highest category inside, its engine-performance decline rate is still too large, and it is 
not borne at all at use. Furthermore, at the temperature exceeding 100 degrees C, this ingredient is 
unstable and cannot be applied to the actual phosphoric-acid fuel cell operated at the temperature 
exceeding 1 80 degrees C as such a thing at all. 

[0022] In all these advanced technology, an actual catalyst is the macrocyclic compound itself and 
this is characterized because it is in the form, i.e., a larger valence state than zero, where central 
metal atomic species oxidized. It is going to improve the activity and endurance of a catalyst and 
inert atmosphere heat treatment was made by the advanced-technology ingredient. Such processing 
has the clear effectiveness of disassembling a macrocyclic compound partially and forming the 
denser interaction between a catalyst and support, this processing — sure — more — endurance — it is 
— and although an activity catalyst is produced, activity and stability even with these catalysts good 
under phosphoric-acid fuel cell conditions are not shown (refer to Yeager and the above), (at the 
time) This ingredient is not made to go via the activity process for changing a metaled chemistry 
condition. KWiesener et al (Mater Chem.Phys., vol.22, p.457, 1989) is discussing this. 
[0023] The catalytic activity over a fuel cell reaction higher than all advanced-technology 
ingredients was shown, and, moreover, we invented the new catalyst ingredient in which higher 
stability is also shown in an acid electrolyte compared with all advanced-technology ingredients. 
[0024] 

[Means for Solving the Problem] The new catalyst ingredient supported by high surface area carbon 
can be guided from the precursor of a noble-metals content macrocyclic compound. Said precursor 
goes via the activation process which changes the chemistry condition of a catalyst metal and 
produces a precious metal catalyst ingredient. 

[0025] Therefore, this invention is guided from a noble-metals content macrocyclic-compound 
precursor, is the catalyst ingredient supported by high surface area carbon, and offers that in which 
an oxidation state contains the noble metals of zero. 

[0026] Said precursor ingredient goes via the activation process in which the catalyst ingredient with 

which an oxidation state contains the noble metals of zero is given, preferably. 

[0027] This invention offers the fuel cell which has at least one electrode covered with the electrode 
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catalyst ingredient of this invention again. 

[0028] This invention offers the electrode further covered with the catalyst ingredient of this 
invention. 

[0029] Suitable metals are gold and silver at a platinum group metal, Pt, Pd, Ru, Os and Rh, and Ir 
list. Noble metals are platinum and iridium preferably. A macrocyclic compound may be an N4- 
chelate compound and is a phthalocyanine, a porphyrin, or tetraaza annulene preferably. Said 
macrocyclic compound is a phthalocyanine or tetraaza annulene most preferably. 
[0030] Suitable carbon support is the thing of the class which can come to hand commercially. They 
may be specially prepared, in order to use for this invention. Desirable carbon is conductive oil 
furnace black and acetylene black highly, or [ that said carbon support is mainly amorphous ] — or it 
is graphite. They may be produced commercially, or may be processed specially and may increase 
the property as graphite. Especially a desirable thing is the graphitized carbon. Brunauer of a carbon 
support ingredient and Emmet and Teller (BET) surface area are 0-2000m2 g-1, 30-400m2 g-1 [ for 
example, ]. 

[0031] The load of a noble-metals macrocyclic compound may be 0.1 - 70wt% of carbon support, 
and is 0.1 - 30wt% preferably. 

[0032] The load of noble metals may be 0.05 - 20wt% of carbon support, and is 0.1 - 10wt% 
preferably. 

[0033] This invention offers the approach of preparing the catalyst ingredient precursor further 
supported by carbon. It includes separating the large annular ingredient by which this approach 
dissolved the noble-metals macrocyclic compound in water or an organic solvent, made the solution, 
added carbon to this solution, the large annular ingredient was made to stick to said carbon support, 
and carbon was adsorbed. 

[0034] Preferably, stirring is performed in order to help adsorption of a large annular ingredient. It is 
maintained preferably for 1 to 16 hours. In this invention approach, it is desirable to dissolve a 
noble-metals macrocyclic compound in the sulfuric acid of 13 - 16 mol concentration, and to form a 
solution. 

[0035] The large annular precursor maintained by carbon may be based on this invention approach, 
or may be made by any known approaches. 

[0036] This invention is a means to activate a precursor ingredient further and to manufacture the 
catalyst ingredient of this invention, and offers the means in which the oxidation state of metal 
atomic species carries out strange in that case. This means applies an electrical potential difference to 
the electrode which has the large annular catalyst precursor which was immersed in the acid 
electrode, and which was supported by carbon, and consists of kicking this electrical potential 
difference in fixed limit within the limits in a fixed count repetition. 

[0037] The electrode which has a large annular precursor ingredient can be prepared with a 
conventional method. This includes distributing said ingredient in the suspension of a hydrophobic 
ingredient like polytetrafluoroethylene (PTFE) generally, covering with these dispersion liquid the 
graphite paper waterproofed by PTFE, or a base like a carbon cross, and making this covered base 
sinter in an oxygen content ambient atmosphere, for example, air, or an inert atmosphere, for 
example, nitrogen. 

[0038] the inside of the phosphoric acid of the temperature raised in this invention - a dynamic 
hydrogen electrode (dynamic hydrogen electrode) (DHE) — receiving — 0.05-2.0V ~ it is desirable 
to activate an electrode including a large annular catalyst and to manufacture an activity ingredient 
by carrying out the sweep of the electrical potential difference preferably built by 0.5-1.2V at least 
10 times. However, it may be used, the electrochemical cell of other methods of activating the large 
annular precursor ingredient which does not need the assembly of an electrode, for example, a slurry, 
and prefecture murky solution may carry out a gas purge, and processing in 1 adjusted [ which were 
adjusted and was gas-phase/ immersion and /-heat-treated ] or two or more ambient atmospheres to 
the inside of ****** Q f **** ma y ^ e usec j. 

[0039] This catalyst ingredient can be used in a fuel cell as the cathode for oxygen reduction, or an 
anode for hydro-acid-izing. Supposing this ingredient is used as an anode of a fuel cell, hydrogen 
fuel may contain the carbon monoxide to for example, 5 vol% of a small rate. 
[0040] Although the ingredient of this invention has a special application in PAFC and PEMC and 
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here described the use in the former to the detail, it is clear for us this ingredient's to have an 
application as a catalyst in the electrode or other chemical processes of other application, for 
example, a dc-battery, in other fuel cells. 
[0041] 

[Example] Although the following examples describe this invention to a detail, these are mere 
examples and do not restrict this invention. Each example of a catalyst was used for making a test 
electrode according to the approach outlined upwards. 

[0042] "Activity", "electrochemical metal area (ECA)", "specific activity", and "endurance" say the 
thing of the property measured according to the approach included in the following explanatory 
notes. The used "gas diffusion electrode" mixes a catalyst with PTFE, applies this to a waterproofing 
graphite paper, and is prepared by sintering as usually carried out in this industry. In addition, the 
electrode of other kinds which fully carry out humidity with the electrolyte whose electrode structure 
the amount of PTFE used is low enough, and is 180 degrees C is also used. It is known as "a flood 
electrode (flooded electrode)", and this is H.kunz and G.Gruver and (J.ElectrochemicalSoc, vol.122, 
p.1279, 1975) P.Stonehart and P.Ross (ElectrochimActa, vol.21, p.441, 1976). It is indicated in the 
reference to twist. 

[0043] Activity is the scale of the oxygen reduction capacity per unit weight of the existing catalyst 
ingredient, and is often mass activity (mass activity). It is called. The overvoltage in various current 
density is measured using an electrochemical half cell using 100% of phosphoric-acid electrolyte at 
180 degrees C, using the oxygen and air of atmospheric pressure as reagin. 

[0044] The current which flows through the test electrode in potential without a series of IR (internal 
resistance (internal resistance)) to a dynamic hydrogen reference electrode (DHE) is measured. And 
the mass activity expressed with per [ mA ] mg of the golden catalyst ingredient which exists in an 
electrode, or a platinum metal can be calculated to the selected potential, and it can plot to electrode 
potential without IR. It can use, in order that any electrode of "gaseous diffusion" and "flood" mold 
may obtain the measured value of mass activity. I hear that the catalyst ingredients which exist on an 
electrode are [ all ] moist with the electrolyte, and the advantage using a flood electrode so is not 
used for activity measurement, and there is. This makes it possible to compare activity of a different 
catalyst ingredient better. 

[0045] About a gas diffusion electrode, the plot of potential to the logarithm of mass activity shows a 
straight-line field. This is known as "a TAFERU field (Tafel region)", and is purely governed by the 
catalyst transportation effectiveness (catalitic kinetic effect), the inclination value known as "a 
TAFERU slope (Tafelslope)" — the property of a catalyst, and a service condition — it is concerned 
with how and can express with "x." 

[0046] Generally about a flood electrode, two different straight-line fields are observed during the 
same plot. One appears at the comparatively low time at current density and the time, the same value 
as inclination "x" is taken, and others appear at the place of comparatively high current density, and, 
generally take the value of "2x." This is based on contribution from the resistance to the gas shift to 
the activity catalyst seat in a flood electrode. Measurement of the true mass activity of a there can be 
obtained by extrapolation to the potential concerned of inclination "x" with any potential to which 
the flood electrode was given. 

[0047] "Electrochemical metal area (ECA)" is the scale of the exposure surface area of the platinum 
metal catalyst on an electrode, and is expressed with m2 g-lPt. This ECA is S.Gilman, J.Electroanal 
Chem., vol.7, p. 382, and 1964. It can measure by the indicated approach. This approach is based on 
depositing or stripping the monolayer coat of hydrogen on an activity catalyst front face on the 
electrical potential difference near hydrogen generating etc. using cyclic voltammetry. Hydrogen 
adsorption is measured on the electrode containing an electrode catalyst ingredient which fully 
became wet. the charge related with hydrogen adsorption — measuring — lcm2 Pt=210microC (C= 
coulomb) — the electrochemical area of a catalyst is measured using relation. 

[0048] It will be thought that the one approach of increasing the mass activity of a catalyst ingredient 
will be increasing the effective-surface product of a catalyst (for example, reducing grain size). In 
this phase, it does not mean that this not necessarily changed the intrinsic activity on the front face of 
a catalyst (intrinsic activity). Other approaches which increase mass activity are actually increasing 
the intrinsic activity of the front face concerned. This is known as "specific activity" and expressed 
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as effective oxygen reduction current per unit surface area of the activity catalyst metal measured as 
mentioned above. It is expressed with muAcm-2 on the front face of a catalyst, ** mass activity in 
electrochemical metal area, and is obtained. This is the fundamental scale of the catalytic activity of 
a different front face. 

[0049] In order to evaluate the more long-term durable period of the catalyst ingredient under a more 
realistic fuel cell service condition, the promotion "durability" trial was developed. Since the change 
in electrode structure and humid extent to an electrolyte can be removed and only the engine- 
performance change by the stability of a catalyst is observed, it is convenient again to use a flood gas 
diffusion electrode. Measurement of endurance is performed by covering a constant current load 
(namely, fixed current density) over an electrode in 1 80-degree C 1 00% phosphoric acid, and 
recording aging of electrode voltage using oxygen pure as reagin. Since these service conditions are 
severer than the conditions of operation of an actual fuel cell, this trial gives information suitable 
about the endurance of the catalyst in a period shorter than the actual service life of a fuel cell system 
as such a thing. 

[0050] I. Activity of the electrode to an oxygen reduction reaction [0051] (Example 1) 
(Platinum catalyst guided from a platinum phthalocyanine) The used method of preparation was a 
precipitation method indicated by GB2, 164,785 A. The platinum phthalocyanine precursor (platinum 
content 0.87wt%) of a catalyst ingredient was prepared by dissolving a platinum phthalocyanine 
(0.068g) in 18.4M sulfuric acid (25cm3) at a room temperature. This solution was stirred, and 
graphitization Shawinigan carbon (ShawiniganCarbon) 2.0g and BET surface area added the 
acetylene black carbon (non-graphitizing Shawinigan carbon can come to hand from Chevron 
Chemicals, Houston, Texas, and USA.) of 55m2 g-1, formed the viscous slurry, and stirred this for 
15 minutes. Stirring is continued for about 30 minutes and it is 3 30cm of water to the meantime. 
******** and a slurry were cooled by the ice bath. Cooling at a room temperature was continued for 
further 1 hour. Subsequently, this slurry was filtered, and it washed with water until pH of the upper 
liquid was set to 6. The produced catalyst ingredient precursor which was filtered was dried at 105 
degrees C. 

[0052] The hydrophobic gas diffusion electrode which has 30wt%PTFE using the above-mentioned 
conventional method was prepared from this large annular catalyst ingredient. Preparation of an 
electrode was completed by heat-treating for 15 minutes at 350 degrees C among air. The electrode 
was activated before activity measurement by carrying out the sweep of the load electrical potential 
difference of 0.05-1 .20V to a DHE reference electrode at least 10 times, placing an electrode into an 
electrochemical half cell and dropping air to the gas side of an electrode sample under the 1 80- 
degree C conditions of 100% phosphoric-acid electrolyte. 
[0053] (Example 2) 

(Iridium catalyst guided from an iridium phthalocyanine) the approach stated to the example 1 — 
using — the iridium phthalocyanine precursor for catalyst ingredients ~ 3.5wt(s)% and Ir ~ 0.62wt 
(s)% — the included catalyst precursor ingredient was manufactured. It was activated as the example 
1 described the electrode, and the activation catalyst ingredient was manufactured. 
[0054] (Example 3) 

(Platinum catalyst guided from a platinum phthalocyanine) According to this invention approach, the 
platinum phthalocyanine precursor for catalyst ingredients was prepared. The platinum 
phthalocyanine (0.064g) was dissolved in 14M sulfuric acid (50cm3). Dry graphitization Shawinigan 
carbon (2.0g) was added to this solution, and it considered as the slurry, and this was maintained at 
the room temperature and stirred for 16 hours. It washed by deionized water until it filtered this 
slurry, 14M sulfuric acid (50cm3) washed and pH of the upper liquid was subsequently set to 5.5-6. 
This approach was an adsorption process, and when it analyzed this catalyst (based on radiation 
spectroscopy), it was Pt0.64wt%. 

[0055] It was activated by preparing a gas diffusion electrode like the above-mentioned example 1. 
[0056] (Example 4) 

(Iridium catalyst guided from an iridium phthalocyanine) The iridium phthalocyanine ingredient 
supported with the same approach as having stated to the example 3 to Ir addition 0.22wt% carbon 
was manufactured. This catalyst was activated like the example 1. 

[0057] The activity over oxygen reduction was examined as mentioned above by using 100% of 
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phosphoric acid as an electrolyte at 180 degrees C about the electrode of examples 1, 2, 3, and 4. The 
polarization curve of an electrical potential difference to the current density expressed with mAmg-1 
(platinum group metal) obtained is shown in drawing 1 . 

[0058] The mass activity of the electrode of the examples 1, 2, 3, and 4 about oxygen reduction with 
180-degree C 100% phosphoric-acid electrolyte is shown in the following table 1 to DHE. 
[0059] 
[Table 1] 

(wtStf&H) CmAmg" 1 (mAmg" 1 

850mVT?) 900mV-T) 

1 6^7.?Dy7^> 0. 879tJ Pt 9.5 12.0 

2 <iJ^«)i7^D 0. 62% I r 11.5 16.0 

3 647;?Dy7^> 0.64%Pt 13.0 16.0 

4 >MJ5**A7*o 0.2296 1 r 14.6 46.0 

[0060] The activity which expressed the result of the above-mentioned table 1 with mAmg-1 
[ 850mV ] (large annular catalyst precursor) shows that the activity of the catalyst of the 
macrocyclic-compound base of all the advanced technology evaluated in the acid electrolyte is 
excelled. Furthermore, the catalyst prepared by this invention approach of examples 3 and 4 excels 
the catalyst of the examples 1 and 2 prepared with the precipitation method currently generally 
performed in this technical field. 
[0061] (Example 5) 

(Platinum catalyst guided from a platinum phthalocyanine) It manufactured by this method which 
indicated other examples of the new catalyst ingredient which is the object of this invention by this 
invention. The platinum phthalocyanine (1.234g) was dissolved in 14M sulfuric acid (1000cm3). 
Dry graphitization Ketjenblack EC300J which have BET surface area 252m2 g-1 Carbon 
(trademark) (4.0g) (non-graphitized Ketjenblack is available from Akzo ChemieNederland bv, 
Amersfoort, and Netherlands ) was added to said solution, it considered as the slurry, and this was 
stirred at the room temperature for 16 hours. This slurry was filtered and 14M sulfuric acid (50cm3) 
washed, and it washed until the upper liquid was subsequently set to pH 5.5-6.0 by deionized water. 
In this way, the manufactured ingredient was dried at 105 degrees C among air. This method of 
preparation was an adsorption process, and when it analyzed the catalyst precursor, it was Pt4.7wt%. 

[0062] The flood mold electrode was assembled using the platinum phthalocyanine ingredient using 
PTFE as mentioned above a lot of 1 0% in an electrode rather than it was usually used for the 
assembly of a gas diffusion electrode. In addition, preparation of an electrode was completed by 
making it sinter at 300 degrees C among nitrogen. 

[0063] By carrying out the sweep of the electrical potential difference between the values of 0.05V, 
and 1 .05-1. 35V at the rate of 30mVs-l in 930 minutes, many electrodes of the above-mentioned 
mold were activated at 180 degrees C among 100% phosphoric acid, passing nitrogen gas to the gas 
side of an electrode. Subsequently, measurement of current density and an overvoltage was 
performed, using oxygen as reagin gas. 

[0064] The effectiveness of the various, comparatively high electrical-potential-difference 
limitations over the activity shown with a catalyst ingredient is shown in drawing 2 . It is so clear 
from this data that a sweep is carried out with high positive voltage that the mass activity of the 
activity catalyst ingredient to produce increases. The activity of the electrode containing the 
precursor ingredient measured before performing the activation phase of making drawing 2 
circulating through an electrical potential difference between 0.05V and high plus potential is shown. 
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The precursor ingredient containing the platinum phthalocyanine to which platinum makes this the 
oxidation state of +2 shows that activity is very low to oxygen reduction. 
[0065] (Example 6) 

(Platinum catalyst guided from platinum tetraaza annulene) According to the approach which this 
invention indicates, other examples of the new catalyst ingredient which is the object of this 
invention were manufactured using the tetraaza annulene macrocyclic-compound precursor. It is 
[dibenzo [b, i]l, 4 and 8, and 1 1 -tetraaza cyclo tetra-DESHINATO] platinum (II) (PtTADA)0.06g 
150cm of 14M phosphoric acids 3 It dissolved. Dry graphitization SHAWINI gene acetylene black 
carbon 1 .0g was added to this solution, and it considered as the slurry, and this was maintained at the 
room temperature and stirred for 16 hours. This slurry is filtered and it is 3 50cm of 14M sulfuric 
acids. It washed, and it washed by deionized water until pH of the upper liquid became subsequently 
to 5.5-6.0. In this way, the made ingredient was dried at 105 degrees C in air. This preparation 
approach was an adsorption process. It was Pt2.2wt% when the catalyst precursor was analyzed. The 
gas diffusion electrode was prepared by sintering at 350 degrees C among air using 30wt%PTFE. 
[0066] Making it flow down nitrogen to the gas side of a test electrode, by carrying out the sweep of 
the upper limit potential as 1 .20V to DHE, it carried out like **** and the electrode was activated. 
Although assembled as a gas diffusion electrode, when electrochemical measurement was carried 
out, it turned out that the structure of an electrode was fully flooded during activation and flood 
electrode mold behavior was so carried out. 
[0067] ((A) The example of a comparison) 

(Platinum catalyst prepared with the conventional method) It is the following, and the conventional 
platinum catalyst ingredient used for the current fuel cell was made and prepared. It added having 
bet Shawinigan acetylene black carbon 450g for 5 minutes at water chromium 60 degree C, and the 
slurry was made. It is 3 700cm of water in 1 16.5g of sodium bicarbonate. The dissolved solution was 
added to this slurry, this was stirred for 5 minutes, and it heated for 30 minutes at 100 degrees C after 
that. It is platinum (50g) as chloroplatinic acid 2000cm of water 3 It added having covered the 
dissolved solution over this slurry for 12 minutes. This slurry was boiled for 2 hours and, 
subsequently to 90 degrees C, it cooled. The formaldehyde solution (1400cm3) was added 1%, this 
solution was boiled for further 1 hour, it filtered after that, and fusibility chloride ion was washed 
with water. Subsequently, the platinum catalyst ingredient which carried out in this way and was 
manufactured was dried at 105 degrees C. It was Pt9.73wt% when this catalyst was analyzed. 
[0068] ((B) The example of a comparison) 

(Platinum / nickel alloy catalyst) According to the approach indicated by United States patent 
No.5,068,161, platinum and the alloy of the technical level containing nickel were prepared as Pt 
addition 10wt%. It is Shawinigan acetylene black 44. lg 2000cm of deionized water 3 In addition, it 
stirred for 15 minutes and the homogeneous slurry was made. 15.49g of sodium bicarbonate was 
added to this slurry, and it stirred for 5 minutes. The temperature of this slurry was raised to 100 
degrees C, and was boiled for 30 minutes. It is 3 60cm of deionized water in 5.0g of platinum as 
chloroplatinic acid. It added having covered the dissolved solution over the slurry for 5 minutes 
under the front face. It is nickel 0.9g as a nitrate (nickel(N03) 2 and 6H2 0, 4.46g) 50cm of 
deionized water 3 The dissolved solution was added over 10 minutes. This slurry was boiled for 
further 2 hours. 

[0069] Formaldehyde 3.9cm3 39cm3 The diluted solution was added over 10 minutes. It boiled 
having applied [ this ] it for 60 more minutes, and subsequently filtered, and except for the upper 
liquid, it washed by deionized water and the fusibility chloride was removed. The vacuum drying of 
the filter cake without this chloride was carried out at 80 degrees C until the hygroscopic-moisture 
content became less than 2%. Subsequently, this ingredient was heated in temperature of 930 degrees 
C among the circulating nitrogen-gas-atmosphere mind, it maintained at this temperature for 60 
minutes, and the alloy was formed. In this way, the Pt:nickel atomic ratio acquired the catalyst of 
64:36 at nickel 1 .65wt% Pt9.69wt%. 

[0070] The flood electrode of an example 5 was assembled as mentioned above in the example A of 
a comparison, and B list. The sweep of the electrode of Example 5 was carried out with the potential 
of 1 .32V to DHE as mentioned above, namely, it was activated. The electrode of the examples A and 
B of a comparison was evaluated by 180 degrees C about oxygen reduction activity among 100% 
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phosphoric acid in an example 5 and 6 lists. Mass activity was calculated using Pt analysis of an 
electrode after the trial for what kind of metal to explain [****] whether it was divided between 
trials. The polarization curve of an electrical potential difference to the acquired mass activity is 
shown in drawing 3 . 

[0071] As mentioned above, when an electrical potential difference is plotted to the logarithm of 
current density (or mass activity), a flood mold electrode shows a polarization curve with two 
straight-line parts. If the low straight-line inclination of a current part is extrapolated in selected 
measurement electrical potential difference of 900m V, the direct comparison of the catalyst of 
various molds can be performed as mass activity or specific activity. A extrapolation result is shown 
in Table 2. 
[0072] 
[Table 2] 

fi| (mAmg- 1 P t t 9 0 QmVT) 

iktitmA (Pt) 3 3 

VtmiB (Pt/Ni) 5 3 

mmmb (ptPc) 103 

$Zmm$ (P t TADA) 7 5 



[0073] The mass activity extrapolated about the examples A and B of a comparison is well in 
agreement with the value described above about the alloy catalyst of the snow-white gold supported 
by the carbon of a Prior-art level, and the platinum base so that it may see from the data of Table 2. 
[0074] The result shown in drawing 3 and Table 2 shows that the catalyst of this invention is very 
excellent in mass activity compared with the platinum group metal catalyst of a Prior-art level. 
[0075] Endurance of the electrode to the potential loss between II. oxygen reduction [0076] Under 
constant current (constant current consistency, load) control of an example 5 of 6 hours, endurance 
was examined in 180-degree C 100% phosphoric acid in the example A of a comparison assembled 
to the flood mold electrode, and B list, using oxygen as reagin. The electrode of an example 5 was 
activated in 180-degree C 100% phosphoric acid by carrying out the sweep of the potential between 
0.05 and 1 .05V (pair DHE) at the rate of 30mVs-l for 930 minutes, passing nitrogen gas to the gas 
side of an electrode. In each case in a constant current trial, the load was set up so that the original 
potential might be set to 850-800mV to DHE. Deactivation of a catalyst has started altitude very 
much at the operation potential situation by which the load was carried out, and it is known that the 
effectiveness which current density has is comparatively small. 

[0077] The example A of a comparison produced the 130mV potential fall 6 hours after by the load 
of 50mAcm-2. On the other hand, the example B of a comparison produced the 105mV potential fall 
by the same load. As for the example 5, 6 hours produced only only 20mV potential fall under the 
load of 3.7mAcm-2. 

[0078] These results are shown in drawing 4 . This data shows clearly that the catalyst ingredient of 
this invention has far big resistance to deactivation of a catalyst compared with the catalyst 
ingredient used now. 

[0079] The property of an III. electrolysis catalyst ingredient [0080] The physical property of the 
active substance of an example 5 was investigated using X-ray photoelectron spectroscopy (XPS) 
and cyclic voltammetry. In order to clarify the special feature of the front face of a catalyst 
ingredient, the engineer of this field uses these both ordinarily. 

[0081] XPS of the example 5 as the macrocyclic-compound precursor of an activity catalyst and a 
test electrode after the activation for making the activity catalyst of this invention showed change to 
the oxidation state of platinum (refer to Table 3 and drawing 5 ). 
[0082] 
[Table 3] 
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it v?* P t 4 f 7 /2&&x*Ji'¥- 

*Jltt1n!ffi* 7 3.6 

rg ttfcj p tt&i&vnm 7 u_5 

[0083] That platinum binding energy moved to 71.5eV from 73.6eV when it used as an oxygen 
reduction catalyst shows that the oxidation state of platinum changed to (0) from (+2). This shows 
that the activity catalyst ingredient of an example 5 has platinum of an oxidation state (0). 
[0084] Cyclic voltammetry is a technique used in order to measure an activity catalyst surface of 
metal about the conventional platinum catalyst. EC A measurement gives the index of the exposure 
surface area of the platinum metal of an oxidation state (0). The cyclic voltammogram of platinum 
(0) has a unique signal in the potential range 0-0.3V (pair DHE), and this can be returned to 
formation of the monomolecular-layer area of hydrogen where it adsorbed on the platinum (0) front 
face. Being able to measure the amount of the adsorbed hydrogen, this relates to platinum (0) surface 
area directly. Drawing 6 shows each cyclic voltammetry of the example A of a comparison after 
using as an oxygen reduction catalyst, and an example 5. Table 4 shows EC A calculated from each 
voltammogram. 
[0085] 
[Table 4] 

m EC A tkSft 

(mV'P t ) Hi Acor r P t ) 

vtnmA 5 0 5 8 

%mm 5 17 6 0 4 



[0086] From such voltammograms, although the catalyst ingredient of this invention contains the 
platinum of an oxidation state (0), it is not adsorbing hydrogen in the same mode as the conventional 
platinum (0) catalyst. Cyclic voltammetry shows that the catalyst of an example 5 is adsorbing little 
[ far ] hydrogen compared with the example A of a comparison. However, as shown above, the mass 
activity which example 5 catalyst showed is the highest. 

[0087] If the mass activity value acquired from Table 2 and ECA is used for the decision of surface 
specific activity, a value as shown in Table 4 will be acquired. 

[0088] The specific activity of the conventional carbon support platinum catalyst is 30-60microAcm- 
2 as generally reported to the advanced technology (see for example, L J.Bregoli in Electrochim 
Acta, 23, and 489 (1978)). The example A of a comparison shows that that specific activity exists in 
this range. However, the example 5 shows specific activity higher than the specific activity reported 
also about which catalyst system of platinum or the platinum base before. The specific activity of the 
range of 200-600microAcm-2 is actually acquired by changing the plus potential of an activation 
sweep between 1.05 and 1.35V (pair DHE). 
[0089] 

[Effect of the Invention] Whatever the explanation of these unexpected results, the oxidation state of 
the ingredient of this invention is one gestalt of the platinum of zero, and the platinum (0) prepared 
by the conventional method as this showed above shows a very different property. And the 
description is the stability and the comparatively big mass activity under a fuel cell service condition 
which were raised compared with the ingredient of a technical level. This _ sa ****** thing at profits 
called the higher output engine performance and a longer operation life. 

[Translation done.] 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] The graph which shows the polarization curve of an electrical potential difference to the 
current density expressed with mAmg-1 (platinum group metal) about the catalyst of examples 1-4. 
[Drawing 2] The graph which shows the electrical-potential-difference (pair DHE) polarization 
curve to the mass activity of the catalyst ingredient of the example 5 acquired with various sweep 
upper limit potentials. 

[Drawing 3] The graph with which change of the electrical potential difference (pair DHE) to the 
mass activity of the catalyst ingredient of the examples A and B of a comparison is expressed to an 
example 5 and 6 lists. 

[Drawing 4] The graph which shows change (endurance) of the voltage drop to time amount 
progress of each electrode when covering an assembly constant current load over a flood electrode 
for the catalyst ingredient of the examples A and B of a comparison, and an example 5. 
[Drawing 5] The graph showing the binding energy condition before and behind activation of the 
catalyst ingredient of an example 5. 

[Drawing 6] Cyclic voltammetry of the catalyst ingredient of the example A of a comparison 

( drawing 6 (A)) after using it as an oxygen reduction catalyst, and an example 5 ( drawing 6 (B)). 



[Translation done.] 
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[Drawing 3] 
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t iO)£*«ttI4. **»»::I4. *— 7t5>ttJK-tlc^ 

7 o o°c^S7L-s^ffi-e^*ff^-r^-tizj:y^ja 

PAFca>J:3«:K1MttlBA«%lcfflL^a) 

8l4*B»fflFNo. 4, 4 4 7, 5 0 6lzBB***tr^ 

[ooio] zcr* rsttj <c*fflH*S«Lrfe<a> 

£ e ^ot, -**U4 rjfgjftt (mass activity ) j £ 

[ooii] &fr&fl?f=£liTfi. S6#fc&*£J£JS<* 
t Lt 1 8 0°Ct'1 0 0%'J >&+t?&*B5c* V— K 

ittta*«ai*. she (mm*mntiD i^ltdo 

0mVC3 0-4 OmAmr' P t 0>5§1i 
P. Ross, Precious Metals 1986, International Preci 
ous Metals Institute. Allentown, PA, 1986, p355 ~ 
363, F. Luczak. D. landsman. USP 4, 447, 506#gH) 0 
£$E\Z-Ol^T\*. K£31£ttP t$*»«ttt5 0-6 0 

mAmr' p t £«fts*vci^& (firxa)XiKict»««$ 



[0012] xaa>iB«ra&asiE®NL mmt-^o 
be t«»-r Li^. c©a*M!i**tPAF 

C<D*V-KO«E1t»*. Httl-S&l OOOBfPelfc 
try 1 - 1 OmV<Z>£g-TrS§ELT*T< o 

[0013] z<D&gto>m&it—mti&m\zj:z> 0 c<d 

10 4A<««R + lc»»LT* V— K^&eAKHz**5ix4 
tL^5cfct,&y ^5^)0 &£$gS (J. Aragane, J. Ele 
ctrochemical Society, vol.135, 844, 1988) icj:* 
PAFCS4, 5 OOftBateLfct** V— Kfl) 

aMioe o%tt»«i=«feyftt)tirL^. 
Mttttanureftft. 

[0 0 14] PAFCMS, GE^S.^m(i^±lf *t 

*«©5fcs»a s«r * o 

[0 0 15] tt^Tfi3EttO)ftBttatt»«(DHSB3&«St 
[0 0 16] l*ftUU|j:LtMl:My*IM 

«»ftt*t?) 3X(*-t*ti5l±(Dtt^ (ligating) 
IS : FS*-r*»«fc6tt. (Coordination 
Chemistry of Macrocyclic Compounds, G. A. Me I son, 
Plenum Press, New York & London, 1979) 0 

m 

[0017] c*i&a>»»G)*rcf4. *K<b* y ^ acd 
cfc 5 *t;u* y tt«***-e«»«*JH* v— KiLt 

ittMW»nai:fflL^oiW«-e*ofc. H 

Ttg1itSlSSl*l:fc^t, caaatt*4*<XIS 
40 <Dffl&£|#oTl*4«l4±< fcl^o 

[0018]GB2. 164. 7 8 5 AI4. ttjS*t3Rt 

Ltw«7* p ^T=>ft*ataH-r * c «t s m 

^Ltt^o lSStLt6M7^'JK*Sft^U^ 
A£JBl*S V— Kfc Lt6f7^Py7->S 

ttffl-T-&Zt3&<ai'<&*tTl^4o Van Veen et al. (El 
ectrochimica Acta. vol. 24, p921 —928, 1979 ) 14. 
Pt. Pd. Ru. Fe, CO, MnSl/Z n (O^^L(D 
*««ftta$«»RiLrH2 S04 XI4KOH£L 
Tffll*fc«*(DStti::oi*TttCTL*S. Van Ve 

50 en et al, (Ber Bunsenges Phys. Chem. . vol.85, p. 6 
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vol.77, p. 2827-2843, 1981) 14. £»0>te(D*33ttfb 

[0 0 19] ^*l£>a>#]0>*a> 1 -^ll^'Jv^A (III 

-f>J>^D7<hm. C*U4»«18a>SL SSOmV 
T's 1BIS4MH2 S04 tLX2 3°CVMmM7t7^ 
142. 2mAmr 1 (*») £^LTl^o NL8 00 3 
3 8 7li^-n-:>(Ct§J#Stifc>r U V^A(III) jC V— 

a^-f K««ftMK*t»t BBS LTL^*. d<7>i<D!4. & 
*«5cS14A<8 5 0mVC2. OmAmr 1 m&)X&V* 
1 . OmAcnr* X 1 6ffMSISLfe& 1 OrifOttlBaftfit 

[O O 2 0] Yeager et al, (DOE Report October 1984 
LBL-18542) I*. «HWt Lt»J>Utffll^* V-K 

(&(lll) ^V-f h7 (p-^h+i/7i-;i/) TtOU 
37 < 'J » «kMt«»*BB*Lfc. 8 5%'J>i*. 10 
0°CT*&m&&7t#t LTBffiLfct C5 9 O OmVT'O) 
Sttl*. S^5. OmAmr 1 (ft) I^Ltt>-6c 

[00 2 1] CO)tttt&£ft*V— K£. fcofcl 0 0 
°Ct?. astffiSM O OmAcnr2Ti7. 5B#Hai£Lfctc: 
Z % 6 OmVa)tt1l63eilA<*i:fcCt3&<«e-*ix-CL^*„ 

*«*#a«rc. ±<ttffli=»«ti*. mz % corns 
I4i oo^*a*4SflnM4^fi£-efcy* *a)«fc5ft 

[0 0 2 2] ^tit>^T0)5feffttW^fc^T. HIg(7Dft4 

tttfiSttS***^ (Yeager. ±E#BB) . COM 

■fr&*t4a>T?!*<tt^ 0 COCiliK. Wiesener et al (Ma 
ter Chem. Phys. . vol.22, p. 457. 1989) tftftCTl* 

[0 0 2 3] ^T<7)5fefrfttB»«<fcy *»LV 

*Ll>«tttt»£S*l4*HLfc. 
[O O 2 4] 



[0025] tt-3T**w*. ft&B#*r;*:38tt*b^«3 

setts. 

[0 0 2 6] ^^L<l4l51Sffl^<**r^l4. »fttttt*« 

[0027] Mnitt, *»wo«ffi«ia*t»-ctta[ 

[oo2 8] *%ai4» 3Eiz**wa>«a»»-eaaL 
fc*a*a«M-*. 

[oo2 9] aaft*Btte*iK*a* pt. pa. r 

u, Os. Rh. I rafetflZfc&tfa-efc*. »*L< 

!±»*Btta&t-f yy^A-efc*. *a«<b^ftiiN 

20 4-*L>- hft^tttffty A. #^L<(4?$P:>7 = 
#^7-f y>. XI4^ H^TifTV* U>T*fc£«> 

(4^ h 571*7 >X U>T*fc£ 0 
[0 0 3 0] aaft*-7K>fi*«4Bi*WI=A^T?#4 

fife* —7ft >fii*!i±i: l-ct^;u^txt?&**^x(4 
30 zutmuzmmLxnuaib lxco^m^^lx^^ 

7fOfi{**fftO)Brunauer f Emmet and Teller (BET ) X 
®S)!l<0-2 0O0m2 g -1 H #1*143 0-4 0 0 m2 

[0031] Ma*attfb*aa>aai4« *-* >a 

<*(D0. 1 -7 Owt%T*fcy A. *?^L<I40. 1-3 
0wt%T*fc& o 

[00 3 2] »*B(0fl?il4*— 7p>a*0)0. 05- 
2 0wt%T*fcyx.. ff*L<!40. 1 - 1 owt%r*fe 
40 *. 

[0 0 3 3] #S§Bj!l4. ^(C* — 7P>|ca»**ifc«« 

3»»ima#enar**ftsa«-r*. ^<o^ntn± 

[0 0 3 4] #*L<I4. *a«*t»(D«MI*ttlt4fc 
aftir«»*<fr*3*i«o **U4»* L < 14 1 - i e^Pallt 

so 13-1 6%;usftattKi^«Ru »a*»*-r*a> 
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[0035] *-7t>\zm&2Htz*:m&ifiwm** * 

[0 0 3 6] **BHI*« »=WB{M*»£55ttfl:LT* 

i*. Kttmsicsjs^ttfc. ^-Tt-oic^s^^n^^Ji 
[0037] jtaittWBttJWftsw-rsMi*. 

U> (ptfe) (Z>«fe-5fti«*tt«»fl>Rjaja*l=«rE 

*m*#ttU PTFET?H6*Lfc(f777-f httXIi 

<7>«MLfzg{*£. KX£*ffBSL C^lf^S*!** 

[0 0 3 8] **«H-fcl*TI±* Sftbtlfc^'JV 
i£4""T?1t!)&*)7K^1iS (dynamic hydrogen electrode) 20 

(DHE) ICSJLTO. 05-2. 0V*T*L<l*0. 
5-1. 2 VC^otl^tE£*&< 1 1 1 o@» 

4B»«aaxiiB«*4xfci xi±a«(D»Hft+t?a)«ia 
[0039] za>ttfflt«fiiiK»fl?ft+-ett»3a7cffl* 30 

[0 0 4 0] **8ia>fl*M*. PAFCMPEMCl: 
[004 1] 

[Hffiffl] *S§B££ % J5lT<D«-el¥ffll=ai-<4*^ -ft 

[0042] rstti . r«Rfc*«*BB« (ec 
a) j . rj±=sttj rts r»&i£j jutcdhwsc* 

i>t- r#xtt«ttffij f*. ttffiSPT FEia^u - 



BttffsbHT £ * 5 izBHS-T « c fc 1= «fc y Btt * *i 
*. jto^r. PTFE(DttffliA<*»ft<t, mseiit 
«:/><i s o^cDm^s-e^ic^H-r^ctd^ffe^aa) 

®tI%JBl^b>ft<5o -ftl* TjlTK®*! (flooded electr 
ode)j t LTJO&ttTfey * H. kunz and G. Gruver 
(J. ElectrocheoiicalSoc. . vol.122, p. 1279. 1975) 
S.I/P. Stonehart and P. Ross (ElectrochimActa. vo 
I. 21. p. 441, 1976) lCcfe5*«*l=E«**lTl*«. 

[0043] stti*. #^-r^®««»om<imsfefc 

y<7)K*a7ctB*ORS-efcy. LlSLIfSaSttGnas 
s activity) tm£*i& 0 1 8 0°CT-1 0 0%(D'J>® 

EE*B5rr*. 

[0 0 4 4] ifeWTK^S^m^ (DHE) 
O) I R (P^SPStrC (internal resistance ) ) (D&l^B 

ttsti:#at 4*«nt*r»xiia*ftK(0ingfcfc y 
#*. r**xatfkj saHvr*ta>««t.ii 

[0 0 4 5] #Xtttt««(=BlLri*. R*f£tt<D»» 

lc»-r*«tt<D^Dy hiiMM^^t. -fti* 

— Z7x;Uflt£ (Tafel region) J tLr^bti, 

[c. ttJKMiiSI&K (catalitic kinetic effect) icfey 

3£IE£ft<& 0 ^-^ijlXP-^ (Tafelslope ) J 

<t LT&£ft<5^a>£}iS<iI[*. Mtta&st&ifinsfttt 

[0 0 4 6] jfeMMUcol^TI*. — WcHC^P-y h 

y. «i*tttt««t^«siaflEofc^%i=«*>*t-w= 
r2xj oasta. c*Ltt;a*«a*o>jstt«affi^ 

SI*. ^IS r X j roSRltt^JHi^otfliufc 

[0047] raft{b¥n&BBB (ec A) j i*U 
±a>a*MMBa>BBSBBa>Ra a efty. g -i 

P fC?St>$tl-5o CCDECAI*. S. Gilman, J. Elec 
troanal Chem. , vol.7, p. 382. 1964 IzKKSJxfc^a 
t»SL54. C<D*atl*-»-f^'J^^*iU*>^ h"J 

*B0)»BfiB*«rW Lfr y !**>< Lfcyt^^i 
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$|£L. 1cm 2 Pt=210/iC (C = <7-P» fc£ 

[0048] M*s»^^agstt5ti^ 1 ai*. 

■f Lti<tt«*H^B**tt (intrinsic activity) 

-efc£o rjfcgttj £ LTftl&tt* ±<D£5\zL 10 

-CU3E**tfc. Stt««4Ba)*tt*TOfcfcy©*» 

jiAcur* *u H**ttt««Mb*ft*«Bi8fC 

[0 0 4 9] J:y«*tt«:lli»«a51«ftft©T-C<D» 

LTttftftMt««flHV 1 8 0°C<7) 10 0%'J >g!*T* 
[0 0 5 0] I. K*S5cfifcl=»TS««05Ste 

[0051] mmm^) 30 

i@Sg^liGB2. 1 6 4, 7 8 5 A|zKKSft*=a»& 

^10. 8 7 wt%) £*S"C 1 8 . 4M^S (2 5c 
m 3 ) (cS^7^Py7-V (O. 06 8g) ^^^T 
5:i««*Lfc. c©***«»L»fMb->*'> 

?P> (ShawiniganCarbon ) 2. Og, B 
ETgl8A<55m 2 g* 1 <T>T-b=F ? <7 — 7$ 

> (IMIfi1b»>-*4<f Chevron Chem 

icals, Houston. Texas, USAfr&A^C^ -So ) £An*- 40 

«»*»3 0#IB«H\ *<DHI^*3 0cni3 £;S*2]0 

ftPiillftltfc. *l^-CCa>X^'J— £2£iSL* JL»?8(DpH 

1 0 5°C-C(S;«Lfc„ 



[0052] ±.IStt3fe^^ ffl^ x "^ 3 0 wt% PTFE 

l/to m«a>Bi»ttffift+ 3 5 otre 1 5»m»ffia-r 
1 8 o°co i oo%'j >Mm«aa)gfeftT"caai^ 

>^;ua>#x«lcffi»S*T*-frooDHE»»«aic 
**-f£0. 0 5-1. 2 o vcDm^mff^ / >*< <t t 1 

[00 5 3] (£«&0i2) 

y^A7^Py7->Wft^3. 5wt%. I rfO. 

6 2wt%«t?»a«rBi*»»*«aLfc. xffi 
eg i tf*Kfca> t = L-cStt<bursitfttt«*r» 

[0 0 5 4] (Xtt«3) 

7j&\z®l-dX. )Ui)|*f»Be47*Pi/7->ll«»S 
iSLfco S3£:7£ P*>7 — > (O. 064g) f 14 
MSt^ (5 0cm3 ) |C»#Lfc. ttJtLfcJMBfb 
-f-^-^> (2. Og) SCtDJS^lCjtoxTX^ 

X7'J- £ffiiSL. 1 4M^1 (5 0cm 3 ) -C»5*L. 
Ltc^C* (tt«»**l=J:4) PtO. 6 4wt%T*fe 

[0 0 5 5] ±E*««1 fcH«i=Lr**xtt«k««ft 

[0056] (St«g«4) 

c*r y 5^7* p v7->^*>B§S£ft&-< y vOa 
tttt) *iis«3izai'<fca)i:rai:*ffi"e i rsnno. 

2 2wt%<D. *l — 7t?>lCfB}#Lfc-<y V^A?£P*>7 
SttftLfc. 

[0 0 5 7] S616«1. 2, 3atf4©tfito^r, 
1 8 0°cr*i oo%a)'j>S^S«?Itir. K*35c 

[0 0 5 8] DHElUfct-f*. ^tLTI 8 0°CG)1 0 0 

&0:4 0)mffi^Mfi/ : 514*TIBai I^^-To 
[0 0 5 9] 
[S1] 
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1 

2 

3 
4 



S^7^o^T^> 0. 8796Pt 



0. 6296 I r 



6 & 7 * n > T - > 0. 6496 Pt 



4 U ^OA7fn 



0. 2296 I r 



JjnAmg" 1 
850mV"e) 
9.5 
11.5 

13.0 
14.6 



(mAffig" 1 
900mVT) 
12.0 
16.0 

16.0 
46.0 



[ 0 O 6 O ] JiIBa 1 (D&m*. 8 5 OmVTrOmAmg 
-i (*3ttM««rE«) -e«sbLfca«M:. MM** 

Br-tticfTft*5*iTL^4aaa-c«BLfc«js«i i & 
2 a>«ss «fe y t «*i-c l> 4 o 20 

[006 1] (fttfeft) 5 ) 

fc*S!Ccfcy»itLfeo fi^^^Pv7-> (1. 2 3 
4 g) $1 4MKB (10 0 Ocm 3 ) lc»SLfc. BE 
TiI82 5 2mZ g" 1 LfcJMMtKetjen 
black EC300J * — ^> (4. Og) (*HtB 

lb Ketjenblack \& Akzo ChemieNeder land bv, Amersf 
oort r Netherlands /^^A^pTflS) £ TOKSMfclellDx. 
tX7 r J-fcU ^ft££STM 6B*M«#Lfc. -CD 30 
a^U— *Jt«L* 1 4MSS (5 0cm 3 ) 
^l^Bft-f *>*-e±H>S*<pH5. 5-6. 0t46S 
ft»Lfc. c9LTttlLfc»H*9Ml 05°C-Cf£ 

[0 0 6 2] *Xfit«««(DffljtTlca«fflLx6*L*«fc 

HJltfiSM* i o%p t f ESfflt>r, ±3i<D 
«srcfc. to^x. m®(DilS[[iMm+3 0 0 o c-e*S^ 

£l*«Z{:l=J:yftTUfe. 40 
[0 0 6 3] a**^$taa)*^«ll:3lL00 9 3 O 
#CDPp1IZ3 OmVs ~* (D^TtO. 05VM. 05- 

1. 3 5 va)«ta>MTf«BE*»3ir-4cfci=*y. ± 
iBcDM<D£§&a>m*l£ i o o%y i 8 o treats 

[oo6 4] »att»iz«kot:^**L«sttir» , r4a 



0. o 5 vtm^^xwttfl>riBT?«i££S«s^4^ 

ttft»l«*fr<i:3lttl=*l*Lfcl»B**r»**t?«a«) 
[0 0 6 5] (CO 6) 

1, 4, 8. 1 1-f h^Tify^Pf h^fvtH 
6* (ID (PtTADA) O. 06gSl4M'J>i 
1 5 0cm 3 Id^glLfco tt«LfcJR»^>-V^-f-y> 

1 . O g £ CCDjgj&lZjlD*. 

TX7'J-i:U CtlftMKflttl 6ft|HI«»Lfc. 
CCDX^y — £iti&L 1 4Mffig5 Ocm 3 -ezSfe^L. * 
lN-e±Hi^CDpH^5. 5-6. 0 left 45£Jft-< 

Lfctu^P t 2. 2wt%-r?feofc e 3 0wt%PT 

FEtffli^M3 5 o°c-efli»-r«cfciz«*:y tfxffi 

[0 0 6 6] KBi«aa)#x«ica*saT*-tir-3-3. 
-tRima* dh Eiz*fL*c 1 . 2ov<tLrs3i*r4- 

[0 0 6 7] (ttttMA) 

g * d a 6 o °cr* 5 #HAMfca*D LX ^ y — £ft 
ofc B ISith'J'JAI 16. 5 g^7K7 OOcm 3 IZ 

L. ^cd^i o o°cie3 o^HAnSSLfco J£<te&K£ 

Lt(^ei (5 0g) £7K2 0 0 0cm 3 Cl;g#LfcSjS 
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— £2B«HI;*B*-t*\ #1^9 O'fclC^SJLfro 1 %* 
/UAT^t K?§j& (1 400cm3 ) £fiD*. CCDj§& 
*W=1 WHia»*1*-. *-<7>&I&®U RTSttttflsHK 

£C5Pt9. 7 3wt%tfe^fc B 
[00 6 8] UtttftB) 

(a*/-^y;U-&^«*S) *@*$i*No. 5. 0 6 

s.161 icEfE$+tfc^ir«eoT. 
^^t;ft«7K^(D^^ p t j£Jina 1 owt% <t LTiSS 

Ltzo 15->T-bT\sls?=7vV * 4. 1 g £ 

fi»-<^->7K2 0 O Ocm 3 left]*. 1 5*^18*$ LT^M 

15. 49g£*Dx_. 5»B«*Lfc. 
;£g£l 0 O e C|rJilf 3 0^f B 1?»ffi^^tr o i£<fc;G£& 
(hlt^Sf 5. O g^fla-f *>7k6 Ocm 3 [cj§SLfc 

jfi (N i (N03)2 • 6H2 0, 4. 46 g) tit 
0-7^UO. 9 g ^K^^->tK5 Ocm 3 |C?gSL*:?g 
»£1 0#3&WtT*D5Lfco C(DX7»J- €SI::2MHak 

Kit 

[0 0 6 9] TtxJUAT^U'f fc K3. 9cm 3 £3 9cm 3 \Z 



ft««B 



a-r*gf£f?s&*9 3 o°cc75^i^fe]^L. ccD^g 

|Z6 0»«%ftft*»«Lfc. -5LtPt9. 6 9wt 
%, Ni 1. 6 5wt%T*P t : N i Kmt*<6 4:36 

[0 0 7 0] itKtffOAS.l/B36^IZ^ffie!l5(D;t7KmS 
^±3lC7)^^|r LT^Tfco «5<DWi£* ±i$<Dcfc 
10 5I^LT. BP%. DHEMfLtl. 32V<Dm(i'e*§ 
?! LTSISMb Lfco Hffifll 5 St/ 6 Ittf IdtlfeM A&tf 

B0lgj, 1 00%'J 1 8 0°tre&fKS7c3ti 
*lffi^^g!3ir^-ro 

[0071] ±xg>«j:?i::* maasa 

[0 0 7 2] 
[*2] 

(mAnur'P t, 9 0 OmVT) 



(P t ) 

(Pt/Ni) 
(P t P c) 



3 3 
5 3 
1 0 3 



(P t TADA) 



7 5 



[007 3] I2 0)f- *^6Ji6*i5*5lw % 

[00 7 4] H3atfa2rz^stifce*i*. #3§bj<b 

[007 5] 11. tt*a%®Ha)tttttt&i=tt-r&va 
[0076] &&mmmzm±Lxtzit&mAjBLXfB3SLV 

0)T*C. 1 8 O°C0 1 O 0%'J ^M+t'SlSftt Lti 

£3SL*30. 9 3 0 0*13 OmVs-i (DMS.X0. 05R 
1/1. 0 5V (SDHE) 0*nWSL&to*\'t*Zb\Z 
^ffi^SCDSffi^ 1 8 0°CO)1 0 0%'J 



S)(DiMDH EdftLTS 5 0-80 OmVttt* J=5 

s»«i4Jfc«tt/h * 5 c t *<» * ttr 1* £ o 

40 [0 0 7 7] 5 OmAcnr2(DftWC6ftPJia. ItKfllAli 
1 3 0nVCD*tt«T**i;fc. -*W»0)ftflr-eJttt« 
B(41 0 5mVa«{£ffiT££Cfc. *lfe«5li, 3. 7 
mAcnr2 (^tiOTt' 6 #Wl0>Wl\ztz*zti0> 2 0mV©mtt 

[007 8] C4xt>O)SS£04lr^-r o 3RfiEfflt*&*t 
[0 0 7 9] III . S«««»«CDitM 

50 [0 0 8 0] Xllfl5O8ttM0MnttXtxtX 
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-zmi^xm^tzo zti*<»mj5&* m^^oiio mtLxommmscDxpsit. &&o>mt&miz$zit 

1^**0>-C&*. [0082] 

[008 1 ] S1^tta>*SHKft:£ttflnei*i: L"C<D» [S3] 

if P t 4 f 7 /2^^x^71/4^- 

*Jgttflffif* 7 3.6 

r*Sft{bj P tftiKcDmS 7 1.5 



[OOS3] »«a7c*a4:LrB^fci:*e*«*x 
6eVfr&7 1. 5eVlc»ttLfca>tt. 

a*o>ttftttffl3Ei< (+2) (o) ^SftLfccts 

(O) <D&&$:t$'oTl^Z> ^t^Ltl^o 
[0 0 8 4] U *y$7t?;U£>* h'J — 1±. 

l*&*t*aflfT?fc*. ECASSIl KlbtfcS (O)O 

6ft£K(D*s&®«a>fi8 £ e a* (o) 20 

gij EC A 
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